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Abstract

The plantar aponeurosis (PA), in spanning the whole length of the plantar aspect of the foot, is clearly identi-

fied as one of the key structures that is likely to affect compliance and stability of the longitudinal arch.

A recent study performed in our laboratory showed that tension ⁄ elongation in the PA can be predicted from

the kinematics of the segments to which the PA is attached. In the present investigation, stereophotogramme-

try and inverse kinematics were employed to shed light on the mechanics of the longitudinal arch and its main

passive stabilizer, the PA, in relation to walking speed. When compared with a neutral unloaded position, the

medial longitudinal arch underwent greater collapse during the weight-acceptance phase of stance at higher

walking speed (0.1�±1.9� in slow walking; 0.9�±2.6� in fast walking; P = 0.0368). During late stance the arch was

higher (3.4�±3.1� in slow walking; 2.8�±2.7� in fast walking; P = 0.0227) and the metatarsophalangeal joints

more dorsiflexed (e.g. at the first metatarsophalangeal joint, 52�±5� in slow walking; 64�±4� in fast walking;

P < 0.001) during fast walking. Early-stance tension in the PA increased with speed, whereas maximum tension

during late stance did not seem to be significantly affected by walking speed. Although, on the one hand,

these results give evidence for the existence of a pre-heel-strike, speed-dependent, arch-stiffening mechanism,

on the other hand they suggest that augmentation of arch height in late stance is enhanced by higher forces

exerted by the intrinsic muscles on the plantar aspect of the foot when walking at faster speeds.

Key words foot biomechanics; intrinsic muscles; inverse kinematics; longitudinal arch; plantar aponeurosis;

walking speed; windlass mechanism.

Introduction

The plantar aponeurosis (PA), a quasi-elastic fibrous connec-

tive band originating on the inferior border of the calca-

neus and inserting at the base of the proximal phalanges of

the five toes, is one of the most important passive structures

supporting the medial longitudinal arch (MLA) of the foot

(Hicks, 1954). During dynamic activity the PA acts in synergy

with other ligaments and tendons on the plantar aspect of

the foot, by storing elastic energy through passive elonga-

tion (Ker et al. 1987), hence also changing foot compliance.

In-vitro studies (Sharkey et al. 1998, 1999) and computer

models (Gefen, 2002; Cheung et al. 2006) have consistently

shown that disruption of this structure can lead to substan-

tial mechanical modifications, such as flattening of the lon-

gitudinal arch and increased pressure under the metatarsal

heads. Moreover, significant modifications in the way that

forces are transmitted to the ground, and a less ‘energetic’

walk in patients who underwent plantar fasciotomy, i.e.

surgical release of the PA for intractable plantar fasciitis,

have been reported (Daly et al. 1992). These studies suggest

that the PA must have a crucial role in the mechanics of the

longitudinal arch of the foot during walking, in enhancing

both the shock-absorbing capacity of the longitudinal arch

and the way that forces are transferred from rearfoot to

forefoot, thus allowing for the smooth roll-over necessary

for propulsion.

A recent study in our laboratory (Caravaggi et al. 2009)

demonstrated that inverse kinematics can successfully be

employed to estimate the temporal profile of PA tension

during the stance phase of walking. The multisegment

model in that study helped to assess reported relationships

between kinematics of the metatarsophalangeal joints

(MTPJs) (Carlson et al. 2000), and MTPJ geometry (Bojsen-

Møller, 1979), on the effectiveness of the windlass mecha-

nism of the foot (Hicks, 1954). It would now be of great

interest to shed light on the relationship between MLA

deformation and PA tension, as these two variables are

associated with the windlass mechanism, whereby in late

stance, consequent on dorsiflexion of the MTPJs, the arch

of the foot is raised by tension produced in the PA.
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As significant kinematic and dynamic adaptations occur

in the lower limb when walking at different speeds (Murray

et al. 1984; Kirtley et al. 1985), it is conceivable that PA ten-

sion ⁄ elongation could also be affected, as a consequence of

the modified temporal profiles of reaction forces at the

foot ⁄ ground interface that characterize the faster gaits.

Accordingly, this study explores the biomechanical correla-

tion of PA mechanics with the modifications occurring in

foot dynamics at faster cadences, by employing the inverse

kinematic model presented in Caravaggi et al. (2009) to

measure PA elongation and MTPJ rotations, and by relating

these phenomena to the main events of gait and to the

deformation of the longitudinal arch during different load-

ing conditions of the lower limb. Furthermore, in-vitro stud-

ies have shown that PA tension is correlated with tension in

the Achilles’ tendon (Erdemir et al. 2004). However, it has

been reported that, despite a faster rate of development of

tension in the Achilles’ tendon with increased walking

speed, the peak value of tension in the Achilles’ tendon

during stance remains unaffected by walking speed (Finni

et al. 1998). Therefore, in estimating how PA tension is

affected by walking speed, this study aims to contribute to

a better understanding of the relationship between PA and

Achilles’ tendon tension particularly at faster gaits.

Materials and methods

The left feet of 10 subjects (age 29.3 ± 6.4 years, weight

73.8 ± 8.7 kg, height 1.79 ± 0.06 m) were instrumented with 12

reflective markers attached to the skin with double-sided adhe-

sive tape (Fig. 1), following the protocol described in Caravaggi

et al. (2009). A six-camera motion-capture system (ProReflex

1000 MCU; Qualysis, Gothenburg, Sweden) was employed to col-

lect marker trajectories at the subjects’ (subjectively-determined)

slow, normal and fast walking speeds; 10 repetitions for each

walking speed were performed by each subject when walking

over a wooden walkway with an inset forceplate (model 9281C;

Kistler Instruments Ltd, Hook, Hampshire, UK). Ground reaction

forces (GRFs) were recorded at 500 Hz and used to identify

stance-phase timing. Foot-flat and heel-rise times were deter-

mined from the analysis of the vertical velocity (first derivative

of the vertical displacements) of the two markers attached to

the first metatarsal head and the posterior border of the calca-

neus, respectively. Similar mean values for the heel-rise frame

were computed by analysis of the vertical displacement of the

calcaneus marker, and by establishing the heel-rise frame as

that time at which the calcaneus marker was raised 10 mm off

the ground. The 10-mm criterion was selected as compatible

with the average strain of the plantar soft tissues during normal

walking (Cavanagh, 1999; Gefen et al. 2001) applied to an aver-

age heel pad thickness of 16.6 mm (Gooding et al. 1985).

Angular deformation of the MLA was measured, following

the method suggested in Leardini et al. (2007), by tracking the

relative displacement of the three reflective markers placed over

the posterior aspect of the calcaneus, sustentaculum tali and

first metatarsal head (Fig. 2).

The PA deformation and MTPJ dorsiflexion were measured

following the protocol described in Caravaggi et al. (2009) by

importing the trajectory data from three subjects (age

27 ± 7.8 years, weight 65.1 ± 7.2 kg, height 1.78 ± 0.15 m), ran-

domly selected from the same 10-subject population, into a

multisegment rigid-body model of the foot built in Adams

(MSC.ADAMS Ver. 2005.2.0; MSC Software Corporation, Santa

Ana, CA, USA). Each subject-specific model of the foot was com-

prised of the calcaneus, metatarsus and proximal phalanges of

the five toes. The foot segments were dimensioned according to

biometric data from each subject and sonography was

employed to estimate the radii of the cylinders approximating

the metatarsal heads. The PA was modelled as five elastic slips

Fig. 1 Left: rendering of the foot showing the location of the 12

markers employed to track the motion of the calcaneus, metatarsus

and proximal phalanges of the toes in accordance with the protocol

described in Caravaggi et al. (2009). Marker FMH2 is used for static

calibration only. Right: the reflective markers applied on the bony

landmarks of one of the subjects employed in the study. CA, upper

central ridge of the calcaneus posterior surface; ST, the most medial

apex of the sustentaculum tali; PT, lateral apex of the peroneal

tubercle; VMB, base of the fifth metatarsal; VMH, dorso-lateral aspect

of the head of the fifth metatarsal; FMB, base of the first metatarsal;

FMH, dorso-medial aspect at the head of the first metatarsal; PM, the

most distal and dorsal point of the head of the proximal phalanx of

the hallux; SPH, TPH, FPH and VPH are the most distal and dorsal

points of the proximal phalanges of toes two to five, respectively.

Fig. 2 The location of the three markers employed to measure the

deformation of the medial longitudinal arch (MLA). See Fig.1 for

landmarks’ description.
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originating at the inferior border of the calcaneus and inserting

at the base of the proximal phalanges of the five toes. Spherical

contact elements were employed to allow each slip of the PA to

wrap around the relative metatarsal head. It should be noted

that the limited number of subjects employed for the inverse

kinematic analysis was dictated by the complex methodology

involved, described in detail in the aforementioned publication,

and by the extended computational time required to process

each walking trial for each subject.

Inverse kinematic analysis was run to determine the trajecto-

ries of PA tension and MTPJ rotations for each recorded trial.

For each subject, MLA deformation, PA elongation and MTPJ

rotations were computed relative to a neutral unloaded posi-

tion of the foot (Caravaggi et al. 2009).

All of the subjects who volunteered in the study, which used

protocols approved by the Research Ethics Committee of The

University of Liverpool, had no history of major injuries or

abnormalities to the lower limb.

Results

The intersubject mean (±SD) duty factors for the three walk-

ing speed groups were: 60.6% (0.7%), 59.0% (0.8%) and

57.5% (0.8%) for the slow, normal and fast walking speeds,

respectively. The temporal profiles of the anterior–posterior

and vertical GRFs at three walking speeds (Fig. 3) were in

accordance with a previous study on a larger population

(Nilsson & Thorstensson, 1989).

The relative timing of both the stance phase duration of

the heel-rise frame (�61% for the slow-walking group;

�50% for the fast-walking group; P < 0.001) and the posi-

tive onset of anterior–posterior GRF (�57% in slow walking;

�52% in fast walking; P < 0.001) decreased with walking

speed. The maximum and minimum values of GRF trajecto-

ries and timings of main events of stance at three walking

speeds are shown in Tables 1 and 2, respectively.

The intersubject mean walking speeds for the three sub-

jects whose kinematic data were employed in the analysis of

PA dynamics and MTPJ kinematics were: 1.07 ± 0.10 m s)1,

1.42 ± 0.15 m s)1 and 1.98 ± 0.11 m s)1 for slow, normal

and fast walking speeds, respectively. At heel-strike the first

MTPJ was more dorsiflexed for the fast-walking group, rela-

tive to the slow-walking group (P = 0.0181) (see Fig. 4). The

second MTPJ showed a similar but less pronounced trend

(P = 0.068). The toes started dorsiflexing at heel-rise, which

occurred earlier for the fast-walking group, and reached

maximum dorsiflexion during late stance. Late-stance maxi-

mum dorsiflexion increased at all MTPJs with faster gaits

(e.g. at the first MTPJ, 52�±5� in slow walking; 64�±4� in fast

walking; P < 0.001).

Fig. 3 Intersubject mean temporal profiles of the vertical (top) and

anterior–posterior component (bottom) of the ground reaction force

at three walking speeds over 100 walking trials for each speed during

normalized stance phase. BW, body weight.

Table 1 Means ± SD of minimum and

maximum ground reaction force (GRF) during

stance across 10 subjects and over 100 trials

at three walking speeds.

Slow Normal Fast Trend

Y1 (% BW) 1.019 ± 0.066 1.122 ± 0.092 1.389 ± 0.131*,**

Y2 (% BW) 0.856 ± 0.057 0.696 ± 0.078 0.495 ± 0.102*,** fl
Y3 (% BW) 1.074 ± 0.059 1.133 ± 0.089 1.143 ± 0.111*

X1 (% BW) )0.143 ± 0.029 )0.209 ± 0.051 )0.292 ± 0.065*,** fl
X3 (% BW) 0.170 ± 0.023 0.213 ± 0.034 0.252 ± 0.046*,**

Y1 and Y3, first and second peak of the vertical GRF, respectively; Y2, minimum value

plateau between Y1 and Y3; X1 and X3, first and second peak of the anterior–posterior

GRF, respectively (see Fig. 3).

BW, body weight.

*Statistically different between fast and slow speed groups at alpha = 0.05.

**Statistically different between fast and normal speed groups at alpha = 0.05.
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The MLA deformation was characterized by an initial

peak at heel-strike (Fig. 5). The mean arch deformation dur-

ing early stance (1–30% of stance) increased with walking

speed (0.1�±1.9� in slow walking; 0.9�±2.6� in fast walking;

P = 0.037). For all walking groups the arch steadily

deformed until late stance (�80% of stance), the fast-walk-

ing group showing larger deformation of the arch until

heel-rise (�50% of stance). From mid-stance onwards the

arch was more raised for the fast-walking group, and

reached its maximum at toe-off ()4.6�±4.0� in slow walking;

)5.7�±3.4� in fast walking; P = 0.019). The MLA showed a

decreased range of motion from foot-flat to heel-rise with

increasing walking speed (3.2�±1.5� in slow walking;

1.3�±1.0� in fast walking; P < 0.001).

Early- to mid-stance tension in the PA increased with

walking speed, whereas maximum PA tension during late

stance (�1.5 body weight) was steady across the three

walking speeds (Fig. 6). For all walking speeds, the esti-

mated strain – and therefore the tension – in the slips of

the PA decreased from the most medial to the most lateral

slip (Fig. 7), the most medial slips being most affected by

increase of walking speed. The mean intersubject maxi-

mum strain at late stance in the five slips of the PA ranged

from 2.9 to 4.6%, from the most lateral to the most medial

slip.

Discussion

Stereophotogrammetry and an inverse kinematic model of

the windlass mechanism were employed to investigate the

Table 2 Means ± SD of times of the main events of ground reaction

force (GRF) across 10 subjects and over 100 trials at three walking

speeds.

Slow Normal Fast Trend

ST (s) 0.834 ± 0.097 0.652 ± 0.068 0.533 ± 0.046*,** fl
TY1 (% ST) 25.2 ± 7.6 21.5 ± 2.7 19.9 ± 2.6*,** fl
TY2 (% ST) 42.3 ± 7.3 46.0 ± 2.8 47.8 ± 2.5*,**

TY3 (% ST) 73.5 ± 2.5 74.7 ± 2.4 75.5 ± 1.8*,**

TX1 (% ST) 15.8 ± 4.8 13.7 ± 4.6 14.4 ± 3.3*

TX2 (% ST) 56.8 ± 4.0 55.1 ± 4.6 52.5 ± 5.2*,** fl
TX3 (% ST) 84.5 ± 1.9 85.1 ± 2.0 83.7 ± 2.8*,**

TFF (% ST) 19.6 ± 2.6 19.3 ± 2.1 19.6 ± 1.9 =

THR (% ST) 61.1 ± 4.3 58.8 ± 4.3 50.3 ± 3.9*,** fl

ST, stance phase duration; TY1 and TY3, times of the first and

second peak of vertical GRF, respectively; TY2, time of plateau

GRF between TY1 and TY3; TX1 and TX3, times of the first and

second peak of anterior–posterior GRF, respectively; TX2, time of

the start of propulsion (anterior–posterior GRF becomes

positive); TFF, time of foot-flat; THR, time of heel-rise (see Fig. 3).

*Statistically different between fast and slow speed groups at

alpha = 0.05.

**Statistically different between fast and normal speed groups

at alpha = 0.05.
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Fig. 4 Top to bottom: intersubject mean temporal profiles (±1 SD) of

the rotation angles at the five metatarsophalangeal joint (MTPJ)

(MTPJ1 = medial; MTPJ5 = lateral) at three walking speeds over

15 trials for each speed during normalized stance phase.
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effects of walking speed on the mechanics of the longitudi-

nal arch. Analysis of the time-histories of rotations at the

five MTPJs, tension in the PA and deformation of the MLA

helped to improve understanding of the role of the PA

when the foot is subjected to walking-speed-related

dynamic modifications.

In accordance with previous studies, faster gaits were

accompanied by shorter stance durations and larger peaks

of GRF. The time of heel-rise and of the positive onset of

anterior–posterior GRF decreased with walking speed.

Our major findings are discussed below in sequence.

1 Early-stance dorsiflexion at the two most medial MTPJs

increased with walking speed. This is the likely consequence
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Fig. 6 Intersubject mean temporal profiles of plantar aponeurosis

tension at three walking speeds over 15 walking trials for each speed

during normalized stance phase. BW, body weight.
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Fig. 7 Top to bottom: intersubject mean temporal profiles of strain

[l ⁄ l0] in the five slips of the plantar aponeurosis (PA) (PA1 = medial;

PA5 = lateral) at three walking speeds over 15 walking trials for each

speed during normalized stance phase.
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Fig. 5 Intersubject mean temporal profiles of angular deformation of

the medial arch at three walking speeds over 100 walking trials per

speed group during normalized stance phase. Positive angles indicate

drop of the medial longitudinal arch (MLA), whereas negative angles

indicate raise of the MLA relative to a neutral unloaded position (see

Fig. 2).
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of a more powerful, speed-related action of the toe dorsi-

flexors, as can be inferred from works by Neptune & Sasaki

(2005) and Hof et al. (2002) on the onset of activation of

the main muscles of the lower limb in relation to walking

speed.

2 Late-stance dorsiflexion at the five MTPJs increased

with walking speed. This appears to be consistent with the

joint-kinematic adaptations to faster gaits achieved by

increasing stride lengths and cadence (Grieve & Gear, 1966),

thus necessitating greater flexion at the hip and ankle

joints. Indeed, greater plantarflexion at the ankle must be

accompanied by greater dorsiflexion at the MTPJ, to allow

the swing leg to reach further away from the stance leg.

As already highlighted in the previous section, the PA is

pre-loaded at heel-strike and the amount of tension

increases with walking speed. It has been suggested that a

possible functional advantage for PA pre-loading is in

reducing the crimp present in the unloaded collagenous tis-

sue of the PA (Caravaggi et al. 2009) and ⁄ or in taking up

the slack in the aponeurosis before the midfoot hits the

ground.

3 However, novel to this study, the quantitative evalua-

tion of PA tension in relation to walking speed further sug-

gests the existence of some type of intrinsic mechanism to

tune ⁄ adjust the stiffness of the arch in order to better

absorb the higher GRF that the foot must sustain when

walking at faster cadences. The combination of the pulling

action of the Achilles’ tendon, the tension of which at heel-

strike is associated with the action of the antagonist tibialis

anterior muscle (Finni et al. 1998), acting to plantarflex the

rearfoot, and the action of the toe and ankle dorsiflexors

(Fig. 8) works in synergy to pre-load the PA. These muscles

are all active prior to, and during, heel-strike and their mag-

nitude of activity increases with walking speed. From the

studies on cadaveric feet of Carlson et al. (2000) we can

infer that similar PA tension to that computed by our model

at heel-strike for the normal walking group (0.47 body

weight) would be created by 30� of toe dorsiflexion com-

bined with 250 N tension in the Achilles’ tendon. A similar

tension in the Achilles’ tendon was indeed recorded at

heel-strike by Finni et al. (1998).

If this mechanism has been correctly identified, it further

highlights the role of the muscles of the anterior compart-

ment of the leg (tibialis anterior, extensor hallucis longus

and extensor digitorum longus) in bringing about early-

stance pre-loading of the PA. The effect of these muscles on

PA tension can be summarized as follows: in the rearfoot,

the increase of ankle dorsiflexion with walking speed (Mur-

ray et al. 1984) stretches the triceps surae muscle ⁄ tendon

complex thus increasing tension in the Achilles’ tendon

(Finni et al. 1998) and helping to stabilize the calcaneus

prior to heel-strike, whereas, in the forefoot, increase of

toe dorsiflexion with walking speed, as demonstrated in

this study for the most medial MTPJs at least, exerts direct

pull on the slips of the PA through the windlass mechanism

(Fig. 8). It is therefore evident that the increase of muscular

activity with increasing walking speed (Hof et al. 2002;

Neptune & Sasaki, 2005) acts to augment pre-loading of the

PA, which latter pre-loading, in turn, affects the sagittal-

plane stance-phase compliance of the foot.

4 Analysis of the range of motion of the MLA during the

interval when the foot is fully in contact with the ground

(foot-flat to heel-rise) revealed decreased motion of the

arch with increasing walking speed. The inference of a

mechanism for stiffening of the arch at faster gaits finds

validation in a previous pedobarographic study that

showed significant decrease of pressure under the midfoot

and increase of pressure under the rearfoot and forefoot

when walking at increasing speed (Pataky et al. 2008). From

the broader perspective of dynamics of gait, a stiffer (less

compliant) arch could serve a prompter transfer of forces

from rearfoot to forefoot, thus enhancing the propulsive

forces available for faster gaits.

As highlighted above, the faster gaits were characterized

by a significant increase of early-stance vertical GRF. The

PA, and undoubtedly all of the other passive ligamentous

structures spanning the longitudinal arch and midtarsal

joint – such as the spring ligament and long plantar liga-

ment, must be stretched more to cope with the larger verti-

cal loads applied on the foot at increasing speed.

5 Accordingly, during early- to mid-stance, the MLA

underwent a larger fall with increasing walking speed. The

analysis of the temporal profiles of MLA deformation

(Fig. 5) reveals, however, that, from around mid-stance, the

dynamics of the longitudinal arch undergo a substantial

modification, the arch appearing more raised during fast

walking. However, although the MLA appears more raised

in fast walking, maximum tension in the PA remains almost

unaffected by walking speed during late stance. This seems

further to confirm a correlation of PA tension with tension

Fig. 8 The main internal and external forces acting on the

longitudinal arch of the foot at heel-strike. GRF, ground reaction

forces; BW, body weight; PA, tension in the plantar aponeurosis; AT,

tension in the Achilles’ tendon; EDL and EHL, forces exerted by the

extensor digitorum longus muscle and extensor hallucis longus muscle,

respectively; TA, tibialis anterior force.
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in the Achilles’ tendon (Erdemir et al. 2004), and suggests

that such a correlation may also exist in faster cadences. In

fact, as reported by Finni et al. (1998), late-stance maximum

tension in the Achilles’ tendon is also unaffected by walking

speed.

After push-off, when the forefoot begins to be unloaded

and the contralateral foot is hitting the ground, the arch

starts rising very quickly, and this becomes even more

marked at faster speeds. If PA tension drops to zero at toe-

off, it appears unlikely that, alone, it could support the lon-

gitudinal arch in late stance. We therefore conclude that

the most likely source of late-stance arch raising (Fig. 4) is

the intrinsic plantar muscles, supported by the extrinsic

arch-supporting muscles, e.g. the tibialis posterior m.

(Thordarson et al. 1995). Mann & Inman (1964) stated that

the plantar muscles, active as a functional unit from mid-

stance to toe-off during level walking, play the principal

active role in the stabilization of the foot during propul-

sion. These results support those early studies (Morton,

1930; Wood Jones, 1949; Basmajian & Stecko, 1963) that

first speculated about an active contribution of muscles in

sustaining the arch only when high transient forces are

applied to the foot – such as those occurring at push-off.

Muscular action would then be responsible for the increase

of arch augmentation in late stance that occurs at faster

speed if, as has already been demonstrated for the extrinsic

muscles of the foot (Hof et al. 2002; Neptune & Sasaki,

2005), the muscular activity of the plantar muscles was also

found to increase with walking speed. Regrettably, the pat-

tern of speed dependence of muscular force exerted by the

intrinsic muscles can only be inferred by the present investi-

gation, and remains to be experimentally confirmed.

Concluding remarks

Kinematic and kinetic modifications occur in the lower limb

at increasing walking speeds. Although the estimated mag-

nitude of PA tension ⁄ elongation could be biased by the

simplifications made in this study with respect to the limited

number of subjects and model geometry, the results pre-

sented herein help to expand current knowledge of the

functions of the PA in relation to the dynamics of the MLA

at different walking speeds. Further, our findings simulta-

neously highlight the active role of the muscles in the ante-

rior compartment of the leg in adjusting the tension in the

PA, thus modifying the pre-heel-strike compliance of the

longitudinal arch.
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Appendix

Medial longitudinal arch angle: error analysis

It should be recalled that relative motion between skin and

underlying bone [i.e. skin movement artefact (SMA)] can be

considered the main source of error when evaluating segment

kinematics by tracking the motion of skin-mounted markers.

Therefore, for each subject, 1000 normally distributed random

SMA values were generated for each marker (calcaneus, susten-

taculum tali and first metatarsal head; see Fig. 2), with mean

and SD taken from Tranberg & Karlsson (1998), to simulate the

influence of SMA on MLA angle. Deviations in MLA angle were

computed according to Leardini et al. (2007). The average error

(as quantified by SD) in MLA angle across the 10 subjects

was ± 2.3�. This error is most likely to affect the measurement

of MLA angle mainly during early and late stance, when foot

joint rotations are largest with respect to the neutral posture.

Although this is unlikely to qualitatively affect the current MLA

results, the data presented in Fig. 5 should be considered with

reference to the limitations of the measuring technique.
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